Although several bacterial toxins have been prepared in highly purified form (c.f. Pappenheimer,6 Lamanna et al,,' and Pillemer8), comparatively little effort has been made in this direction with the toxins of the gas gangrene organism C. histolyticurm. Weinberg and Seguinll demonstrated that it could be precipitated with ammonium sulfate, and made the observation that ethanol destroys the toxic activity. Stewart9 prepared stable toxin preparations by precipitating culture filtrates with saturated ammonium sulfate, followed by drying over phosphorous pentoxide. Aside from these reports, there is no further information, to the author's knowledge, concerning possible means of concentrating the toxin.
CONCENTRATION OF THE TOXIN Crude dried toxin. A modification of Stewart's9 method was used to prepare a large amount of stable crude toxin as a starting material for further attempts at purification. Ten-to thirteen-hour cultures were filtered first through filter paper pulp, then a Mandler candle. The toxic filtrate was then precipitated by bringing to saturation with ammonium sulfate powder (750 gm. per liter). The brown precipitate floated to the surface where it was easily collected. The precipitate was allowed to drain in a Buchner funnel, and finally dried in vacuo over CaCl2. In this manner, a total of 80 liters of filtrate were worked up, yielding 375 g. of dried crude toxin and representing approximately 87 per cent recovery of the original toxic activity of the culture filtrate.
Further concentration of this crude toxin was attempted by three fundamentally different techniques: (i) salting out with ammonium sulfate; (ii) ethanol fractionation in the cold; and (iii) precipitating with the chloride salt of the heavy metal cadmium. Extensive preliminary experiments were conducted to determine the ideal conditions for each of these three techniques. On the basis of these experiments, several methods of concentration offering promise were developed. They are described below.
Fraction A. "Crude dried toxin" is suspended, at room temperature, in distilled water (4 g. per 100 ml.). After dissolving as completely as possible by stirring with a glass rod, the suspension is centrifuged (2000 R.P.M. for 30 minutes). The clear, dark supernate is decanted, leaving behind a small amount of inactive, insoluble material which is discarded. The supernate, which usually has a pH of about 6.0 is then adjusted to pH 7 to slightly below 50 C. in an ice bath. The alcohol is added to the toxin solution slowly and with constant stirring, taking care never to allow the temperature of the mixture to rise above 50 C. (Extreme care must be taken. Since considerable heat is generated when ethanol and water are mixed, the temperature can rise quite rapidly to above 50 C.) The mixture is centrifuged in a refrigerated centrifuge at 50 C., and the supernate decanted, leaving behind a small amount of non-toxic precipitate.
This supernate is precipitated with an additional 13/4 volumes of ethanol, maintaining the temperature below 50 C. This mixture is also centrifuged, and the clear, dark supernate discarded. The centrifuge bottle containing the precipitate is allowed to drain 30 minutes in the cold in order to ethanol which has also been previously chilled. After centrifuging at 50 C., the supernate is discarded, and the precipitate allowed to drain 30 minutes.
Finally, the precipitate is suspended in Y8 volume (of Fraction A) of phosphate buffer, centrifuged at room temperature, and the supernate, Fraction EII, is collected.
COMPARISON OF THE DIFFERENT FRACTIONS
Several lots of concentrated toxin were prepared by each of the methods described. On each lot determinations of protein (i.e., non-dialyzable) N, ED50, and slope of the dosage-effect line were made. From these data, the "purification factor" and "per cent recovery" were determined. The purification factor is simply the ratio of the ED5o in mg. protein N of the crude filtrate over the corresponding value for the purified product. This value reflects the ability of the fractionation procedure to eliminate contaminating proteins. The per cent recovery is the ratio (X 100) of the total ED50 in a purified lot of toxin over the total ED50 of the crude filtrate from which it was derived. As such, it is a measure of the efficiency of the fractionation procedure, indicating how much of the initial toxic activity is carried over in the final product.
The results obtained on a number of purified lots of toxin are given in Table 1 . The data are self-explanatory. Their significance and interpretation are taken up in the discussion.
DISCUSSION
The usefulness of any method designed to purify toxins is based upon its ability to separate the toxin from non-toxic material and to effect as little loss of the toxin as possible (either through actual destruction or through failure to effect a clear separation). Therefore, in evaluating any such methods, the most important characteristics to consider are the "per cent recovery" and the "purification factor," the former measuring the loss of Here the recovery was almost the same as with cadmium chloride precipitations, while the purity of the preparation showed an appreciable improvement. The separation effected by this method can best be appreciated by a consideration of the amount of contaminating material removed. From the data, it can be seen that 1 ml. of filtrate contains 1.31 mg. N, while 1 ml. of Fraction EI, which is derived from 17 ml. of filtrate contains about 0.07 mg. N. Thus, (17) (1.31) -(007) (100) or roughly 99.7 per cent of the original protein has been eliminated while 50 per cent of the original toxic activity has been retained. Under these experimental conditions, a second fractionation with ethanol (EII) does not increase the purity of the toxin and brings about a marked reduction in recovery. The slope of the dosage-effect line is a characteristic of any toxic substance. Therefore, if, in analyzing the dosage response lines of two toxic preparations, significant differences in their slopes are observed, one would conclude that each preparation contains a different toxin (or perhaps several toxic substances in different proportions). If the slopes did not differ, one could conclude that either the two preparations contained identical toxins, or, less likely, different toxins with dosage-response lines which just happened to be the same. An examination of the data in Table 1 reveals that the slopes vary from 13.47 to 5.22. However, due to the limited number of animals used, few points went into the determinations of these slopes, with the result that the standard errors (SEb) are quite large. Analyzing these data by the chi-square method of Fertig,1 the results given in Table 2 are obtained. These findings indicate no significant differences between the slopes of the individual preparations. On the basis of this analysis, then, the hypothesis that the true dosage-response curves of each of the various fractions would give identical slopes is quite tenable. However, the experi-mentally determined slopes are actually so different by direct comparison that one hesitates to make too strong a statement. The difficulty here, of course, arises from the inherent inaccuracy of the experimentally determined slopes and the consequent large errors. The satisfactory answer would be obtained by toxicity determinations involving more mice. Unfortunately, the numbers required for such an undertaking were not available. It may be concluded, keeping in mind the above reservations, that it is likely that all fractions (by virtue of this probable identity of slope) may contain one and the same lethal toxin. In view of the widely different methods of fractionation employed, this suggests that strain H 32 produces a single lethal toxin.
C. histolyticum is often considered to be only weakly toxigenic, and, indeed, has been described as non-toxigenic. It is interesting, therefore, to compare the toxicity of the partially purified preparation described here with other purified bacterial toxins, Several methods of concentrating the lethal toxin of C. histotyticum are presented. Of these methods, fractionation with ethanol in the cold offers the most satisfactory method from the point of view of total recovery of toxin and degree of purity achieved. The best preparations obtained by ethanol fractionation show a toxicity for mice intermediate between that of purified C. perfringens alpha toxin and diphtheria toxin. Statistical analysis of the dosage-response curves suggests that the strain of C. histolyticum used produces a single lethal toxin under these experimental conditions.
